Introduction

9
16bit to RGB format for assembling the figure using PhotoImpact X3 (Corel Corporation, 229
Ottawa, Canada). 230
231
NA content determination 232
Nicotianamine was extracted as previously described (Banakar et al., 2017) with 233 some modifications. Briefly, nicotianamine was extracted from approximately 50 mg of 234 nodules, and frozen grinded in 400 µl miliQ water spiked with nicotyl-lysine (150 µM final 235 concentration) as internal standard. Samples were homogenized in a mixer mill (Retsch 236 MM300, Retsch) during 5 min at 30 sec -1 frequency, and then centrifuged at 12000 g for 10 237
minutes at 4 ºC. Supernatant was then passed through a 3 kDa cutoff centrifugal filter 238 (cellulose Amicon® , Merck) (1 h at 14000 g at 4 ºC) and dried under vacuum (1.5 h at 40 239 °C). Dry residues from shoots were dissolved in 20 µl of miliQ water, whereas root-and-240 nodule dry residues were dissolved in 15 µl. then remained for 7 min at 30 % (v/v) solvent A, and then returned to the initial conditions 254 over the next 8 min. The column was then allowed to stabilize for 10 min at the initial 255 conditions before proceeding to the next injection. The total HPLC run time was 35 min, the 256 injection volume was 10 µl and the auto sampler and column temperatures were 6 ºC and 30 257 ºC, respectively. The HPLC was coupled to the MicrOTOF mass spectrometer (Bruker 258 Daltonics) equipped with an ESI source. The operating conditions were optimized by the 259 direct injection of 100 µM solutions of nicotianamine standard at a flow rate of 180 µl h -1 . 260
Mass spectra were acquired in negative ion mode over the 150-700 mass-to-charge (m/z) 261 ratio range. The mass axis was calibrated externally using Li-formate adducts (10 mM LiOH, 262 0.2 % (v/v) formic acid and 50% (v/v) 2-propanol 
Results
294
MtYSL3 is highly expressed in the nodule vasculature 295
The proteins of the YSL family cluster in four groups, with group I being the best 296 characterized (Yordem et al., 2011 Medtr3g092090, Medtr1g007580, respectively) (Fig. 1A) . Among the M. truncatula group I 299
YSLs, expression of MtYSL4 was not detected in any of the organs tested (Fig. S1 ), while the 300 other three were expressed in shoots and roots from inoculated and non-inoculated plants, as 301 well as in nodules. (Fig. 1B, Fig. S1 ). MtYSL1 transcripts were more abundant in shoots than 302 anywhere else in the plants. MtYSL2 and MtYSL3 transcription was more intense in nodules, 303 being the latter the most highly expressed, approximately four times higher in nodules than 304 in any other plant organ. The inoculation with S. meliloti did not result in significant 305 transcriptional changes in shoots or roots compared to non-inoculated nitrogen-fertilized 306
plants. 307
To locate the tissue expression of MtYSL3, the 2 kb region upstream of MtYSL3 was 308 used to drive the expression of the b-glucuronidase (gus) gene. After 28 days post-inoculation 309 (dpi), roots and nodules were incubated with X-gluc to visualize the GUS activity. The 310 staining pattern was consistent with a vascular expression of MtYSL3 in both organs (Fig.  311   1C ). Longitudinal sections of those nodules revealed a peripheral distribution of the signal, 312 associated to the vasculature, and no expression in the inner nodule region (Fig. 1D ). This 313 was also supported by nodule cross-section images (Fig. 1E ). In addition, some GUS activity 314 was observed in these sections in cortical nodule cells, although at much lower intensity than 315 in the vasculature. In roots, MtYSL3 expression was confined to the endodermis and inner 316 vascular layers (Fig. 1F) . 317
Immunolocalization of epitope-tagged MtYSL3 supports the GUS activity assays. 318
Three hemagglutinin (HA) tags were fused to the C-terminus of the protein and expressed 319 under its own promoter region. MtYSL3-HA localization was visualized using a primary 320 anti-HA mouse antibody and an Alexa594-conjugated anti-mouse antibody. The transformed 321 plants were inoculated with a strain of S. meliloti that constitutively expresses GFP. The HA 322 epitope of MtYSL3-HA was detected in the vasculature of the nodule and in cortical cells 323 ( Fig. 2A and B) . Closer detail of the vascular region showed colocalization with the 324 autofluorescence pattern of the Casparian strip, indicating that MtYSL3-HA was located in 325 the endodermis (Fig. 2C) . In roots, MtYSL3-HA was observed in the endodermis and in inner 326 vascular cells, very likely the xylem parenchyma (Fig. 2D) . The peripheral distribution of the 327
Alexa594 signal was indicative of a plasma membrane distribution. To test this possibility, 328 N. benthamiana leaves were co-agroinfiltrated with a plasmid constitutive expressing 329
MtYSL3 fused to GFP and plasma membrane marker AtPIP2 fused to CFP. As shown in Fig.  330 2E, both the GFP and the CFP signal colocalized. Controls did not show any autofluorescence 331 in the Alexa594 channel in the conditions tested (Fig. S2) . 332 333
MtYSL3 is involved in symbiotic nitrogen fixation 334
To determine the role of MtYSL3 in M. truncatula physiology, two Tnt1 insertion 335 lines were obtained from the Noble Research Institute (Tadege et al., 2008) . NF17945 (ysl3-336 1) presents an insertion in position +342, within the first exon of the gene (Fig. 3A) . NF12068 337 (ysl3-2) is inserted in the promoter region of MtYSL3, in position -19. While in both cases 338
MtYSL3 expression was detected, these Tnt1 lines showed a severe reduction of MtYSL3 339 transcript compared to wild type plants (Fig. 3B) . Transposon insertion in ysl3-1 resulted in 340 an altered splicing that left a 30 nucleotide insertion of the Tnt1 sequence in MtYSL3 mRNA. 341
As result, five amino acids were mutated (Y115D; S116D; I117V; A118H; G120L) and four 342 more added between amino acid 118 and 119 (LIEE). These changes occurred in a predicted 343 transmembrane domain, and would likely disrupt this region, as indicated by the 344 transmembrane region prediction software Phobius (http://phobius.sbc.su.se/) (Fig. S3) . Loss 345 of transmembrane domains would cause a major disruption on the functionality of any 346 13 membrane protein, and thus ysl3-1 has been considered as a loss-of-function mutant, while 347 ysl3-2 would be a knock-down line. 348
Under non-symbiotic conditions, when the plants were not inoculated with rhizobia 349 but fertilized with ammonium nitrate, no significant differences were observed in plant 350 growth and biomass production between wild type plants, Tnt1 segregants with two wild type 351 copies of MtYSL3 (+/+ lines), or segregants with both MtYSL3 copies mutated (-/-lines) (Fig.  352   3C and D) . No significant differences were observed in either total chlorophyll content (Fig.  353   3E ) or iron concentration in shoots either (Fig. 3F) (Fig. 3G) , while zinc concentrations were 356 significantly higher in the roots of both MtYSL3 mutants (Fig. 3H) (Fig. S4) . 360
However, when the nitrogen was provided by the endosymbiotic rhizobia within their 361 root nodules, ysl3-1 and ysl3-2 -/-lines had a smaller growth that their wild type segregants 362 (Fig. 4A) . This was also shown when comparing the dry weight of loss-of-function ysl3-1 -363 /-to the wild type segregant, with significantly lower biomass production (Fig. 4B) . While 364 there were no significant changes in the number of nodules per plant (Fig. 4C) , both mutant 365
lines had approximately 60% of the nitrogenase activity of the wild type control or +/+ 366 segregant lines (Fig. 4D ). This could be due to the reduced iron content in nodules of ysl3-1 367 and ysl3-2 plants (Fig. 4E) . While copper concentration did not significantly change in these 368 organs, ysl3-2 nodules had less zinc (Fig. 4F and G) . However, copper was more 369 concentrated in ysl3-1 shoots. Similarly to non-inoculated plants, there was no significant 370 difference in pod or seed production in these plants compared to their control (Fig. S5) . 371 372
MtYSL3 silencing affects iron and zinc distribution 373
The reduced iron content in ysl3 nodules and lower nitrogenase activity could be the 374 result of less iron being delivered to the fixation zone. To test this possibility, we carried out 375 X-ray fluorescence tests in nodules from wild type and ysl3-1 nodules (Fig. 5A) . While a 376 14 typical wild type nodule has less iron in the apical region relative to the fixation zone (Fig.  377 5B), ysl3-1 nodules had the opposite, indicating that not enough iron would be reaching the 378 fixation zone. Furthermore, while significant changes in nodule zinc concentration was 379 observed only in ysl3-2 nodules, zinc distribution was also affected in ysl3-1 nodules. X-ray 380 fluorescence data showed that this nutrient accumulated at much larger levels in the ysl3-1 381 nodule vessels than in wild-type ones (Fig. 5A, C) . Although metal-nicotianamine would be 382 the likely substrate of MtYSL3, no significant differences in nicotianamine content in ysl3-1 383 nodules were observed compared to the wild type (Fig. S6) . 
